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Carlson and Semprevivo: Multi-Programing Computer Evaluation and Management

Multi-programing — the use of one central time
sharing computer by several parties — can save
both hardware costs and computer time. But there
are some caveats to
remembered —

MULTI-PROGRAMING COMPUTER
EVALUATION AND MANAGEMENT
by Charles E. Carlson and Philip C. Semprevivo
Electronic Data Processing Bureau,
New York State Department of Transportation

the next five years
multi-programing of com
puter programs will probably
come standard in all butthe small
est of computer systems. Incentive
for manufacturers to further ex
tend themselves in this direction
will undoubtedly be provided by
the current enthusiasm within the
data processing community for time
sharing since the ability to multi
program is a prerequisite for time
sharing computers.
Already manufacturers are be
ginning to deliver a wider variety
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of computer systems capable of do
ing a creditable job of multi-pro
graming.
sophisticated multi
be
programing computer is now avail
able for
little as $10,000 per
month. But don’t let the cost fool
you. At any price, the operation of
a multi-programing computer re
quires new operating techniques
and closer attention than did the
conventional, serial-processing com
puter it is replacing. Indeed, the
operation of a multi-programing
system is complex enough to pro
voke some alarm in many com

puter managers. We may expect to
hear of many difficulties experi
enced in this field, which may be
the result of poor software, mal
functioning hardware, bad man
agement, or a combination of the
three.
This article attempts to capsulize
some multi-programing experience
that will be of general assistance to
those who are entering into the
world of multi-programing com
puters. In particular, it is hoped
that the article will be of some
genuine assistance to the reader as
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sented a micro-model of account
he prepares to meet his own speci
2. To provide faster service
ing and other administrative ap
fic computing needs through this
through the elimination of
advanced operating mode.
plications typical of the actual
unnecessary idle time.
workload. The COBOL programs
The idea of serial processing is
included a sort as well as routines
actually quite simple. A job is
Examine the benefits
designed to test the effectiveness
started and then processed to com
pletion by the computer. The ma
of the computer’s input and output
A computer center manager
operation and its computational
chine operator then prepares the
should be cautious about commit
ability. In each instance, the pro
next job for processing, and this
ting his computer production to a
grams were of a particular type
sequence of job setup and job
multi-programing system. If he is
and closely resembled actual pro
processing is carried on again and
unable to obtain the necessary
duction applications.
again throughout the day. The de
throughput for any reason, his op
Equally essential to the model
ficiencies of this operating method
eration will be in serious trouble.
become obvious upon inspection.
was a series of numerical factors
And, in case you forget, let us re
which, when applied to the pro
For example, serial processing is
mind you that manufacturers’ boasts
grams, equated the performance
characterized by relatively low util
have little value when the system
of the programs during the selec
ization of peripheral equipment,
does not perform as expected.
tion test to the total actual work
memory cells, and processors. Also,
With this thought in mind, we
volume and requirements by ap
there are long setup times between
would like to present one set of
plication area. (See Table 1 on
jobs. As a result, it is estimated that
guidelines which illustrates a meth
page 41.) For example, the pro
the computer processor may be
od of determining for yourself the
utilized less than 25 per cent
duction requirements of the cen
suitability of a multi-programing
ter’s structural engineer customers
clock time.
system for you. Remember—as a
during an average month would
The search for an effective tech
solution to processing problems,
be the running time of Bridge
nique that would escape the de
multi-programing shares in the lim
Design Program
multiplied by
ficiencies of serial processing has
itations of all solutions. That is, in
a factor of 125. When considered
led us through a variety of de
part, its effectiveness is dependent
velopments to multi-programing.
a whole, the complete model
upon the nature of your problem.
The word multi-programing im
would determine the data proces
sing throughput of the system be
plies multiple program processing.
A gauge for comparison
ing tested.
Stated more simply, it means that
two or more independent programs
The manager should attempt
are being processed within the
develop a plan or series of plans
A test is taken
computer (often equipped with a
which provide comparative insight.
Utilizing this model, an attempt
single central processor) during a
In the illustration to be described
was made to determine the com
given period of time. The major
in this article, this was accom
parative efficiencies of multi-pro
objectives of multi-programing are
plished by gauging the benefits
graming and serial processing in
the following:
a multi-programing type of opera
terms of total processing time re
1. To improve equipment utili
tion and comparing it to a serial
quired. A Burroughs B5500 com
zation through time sharing
batch processing type of operation.
puter was chosen as the machine
A model was constructed that sim
to perform this test. The configura
ulated the monthly workload of a
CHARLES E. CARLSON is
director of EDP for the
tion of the computer being tested
diversified computer center servic
New York State Depart
included a single central proces
ing both scientific and commercial
ment of Transportation in
sing unit, 24,000 48-bit words of
applications. It was felt that the use
Albany. He is serving a
second two-year term
core memory, two high-speed
of this technique during selection
on the business advisory
printers, two card readers, a card
would enable management to pre
committee of the State
punch, 8 magnetic tape drives, and
dict with some accuracy actual op
University of New York
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a
a secondary disk storage.
eration for a given system before
number of professional publications. He is co
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any commitment for lease or pur
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book with Mr. Semprevivo called
required
that each of the programs
chase of that system.
Contemporary Data Processing for the Prac
ticing Engineer. PHILIP C. SEMPREVIVO is
in
the
test
model be run serially.
Basic to the selection model were
senior computer systems
The
computer
’s operating system
eight computer programs. Of these
analyst in New
(called a master control program
eight programs, four each were
Department of Transpor
tation. He has contrib
or MCP) logged both available
written in FORTRAN and COBOL.
uted articles to engi
The FORTRAN programs were
time and the time actually used
neering, transportation,
and
data
processing
for the central processor, input
rather complex civil engineering
publications and is
channels, and all peripheral units.
design computations, and the four
graduate of the Univer
The
MCP
prepared a summary
programs written in COBOL repre
sity of New Hampshire.
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report for each of the jobs proc
essed. All timings were, of course,
based on this summary log.
As stated before, the entire
model was assumed to be repre
TO
sentative of a full month’s work
load in a diversified data processing
installation. A serial testing of the
computer system utilizing this
model indicated that it would take
approximately 270.12 hours to proc
ess the workload which was as
sumed by the model. (See Table 2
on this page.)
The next step in the testing pro
cedure was to test the effectiveness
of multi-programing. In order to
accomplish this, the eight programs
in the model were grouped into
distinct mixes as follows:
No. 1-1119,1112,7050,2602,
7060
Mix No. 2-1119,1112,7050,2602
Mix No. 3-1119,1112,7050
Mix No. 4-1119,1112
Mix No. 5-1119
The mixes were run in a con
 running
tinuous flow, and the total
time for each mix was recorded.
This total running time was then
extended by a factor, and the five
factored totals were summed into
a total factored running time (See
Table 3 on page 42.) The total
factored running time represented
the amount of computer time re
quired to process (in a multi-pro
graming mode) the workload as
sumed by the model.
The MCP-prepared summary re
port told us that the central proces
sor was being utilized 61 per cent
of the time during the running of
the multi-programing model. Even
tually, it became apparent that
changes in priority and handling
would yield further efficiency in
the use of the processor during ac
tual operation.
The overall benefits of increas
ing processor utilization through
multi-programing were dramatic
ally displayed in the test results.
Total hours required to process the
assumed workload of the model
were reduced to 226.38 hours.
Taken at face value, it could be
concluded for this particular proto
type computer center that roughly
Published by eGrove, 1968
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TO

FACTOR APPLIED
EACH BENCHMARK PROGRAM
SHOW
ITS RELATIVE IMPORTANCE TO THE WHOLE MODEL
Program Number

Language

1119 — Roadway Layout
1112 — Roadway Elevations
2602 — Bridge Design
7050 — Micro-Model of Accounting System
7060 — Mass Transportation Research

Factor

Fortran II
Fortran II
Fortran
Four Cobol Programs
Fortran IV

00.0
960.0
125.0
310.6
60.8

TABLE I

RUNNING THE MODEL SERIALLY
Program
Number

1119

2602
7050
7060

Serial Running
Time (Minutes)

0.85
1.45
1.25
39.41
23.00

Factor

Total Time
(Minutes)

1200.0
960.0
125.0
310.6
60.8

1,020.00
1,392.00
156.25
12,240.75
1,398.40

OR

16,207.40 (Minutes)
270.12 (Hours)

TABLE 2

20 per cent more computer time
would be required to run this com
puter system in the serial mode as
opposed to the multi-programing
mode. Experienced multi-program
ing practitioners generally agree
that this figure could well vary be
tween 15 and 30 per cent.
The particular modeling meth
ods described above were found
very useful in exploring the new
operating and scheduling tech
niques associated with the multi
programing mode of operation. Al
though the model was run on a
specific machine, we feel that the
problem attack is valid for any
continuous-flow multi-programing
system. Since that time we have
also learned that a cleverly de
signed model will prove useful to
computer center management as a
tool in the continuing search for
lower operating costs and more
effective operations.

Computerized simulation
Another modeling technique that
has proved to be successful for
many data center managers has
been the use of the sophisticated
computerized simulation technique
known as the Systems and Com
puters Evaluation and Review

Technique, or SCERT. This com
puterized modeling tool is a pro
prietary programing package de
veloped by Comress, Inc., of Wash
ington, D.C. The package itself
sists of four major components,
namely:
The definition language—Used to
define the application to be proc
essed
The factor library—which defines
the characteristics of both hardware
and software
The simulation programs—the
computer programs that actually
do the simulation (They contain
up to 100,000 program steps.)
Output reports—which present
the results of the evaluation.
Similar simulation packages have
been developed or proposed in con
junction with the federal govern
ment and by independent consult
ants such as the System Develop
ment Corporation; however, these
products have not been mass mar
keted to the extent or with the
degree of success enjoyed by
SCERT. Nonetheless, each of these
computerized simulation packages
seeks in its own way to provide a
level of control and sophistication
in the selection and continuing
management of data processing sys
tems not economically feasible for
3
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RUNNING THE MODEL IN THE MULTI-PROGRAMING MODE

(MINUTES)
Mix
No.
1

3
4
5

Factors For Each Mix
1119

1112

7505

2602

7060

60.8
64.2
185.6
649.4
240.0

60.8
64.2
185.6
649.4

60.8
64.2
185.6

60.8
64.2

60.8

Total Factored
Running Time

Running
Each Mix

3404.8
2247.0
6310.4
1428.7
192.0

56
35
34
2.2
0.8

13,582.9 Minutes
OR ... 226.38 Hours
Factor for Each Program
1200.0

960.0

310.6

125.0

60.8

Processing Time for Each Program (Minutes)

0.80

1.40

31.80

1.00

21.00

TABLE 3

IN PROCESSING CAPACITY DUE TO ALTERED EQUIPMENT CONFIGURATION

Configuration

Percentage
Increase In
Capacity

Days In
Sample

Total Hrs.
Sample

Jobs Processed
Per Hours

20

261.18
344.37

22.1

0.0%
9.9%

22
26

402.25
471.65

23.7
25.6

17.9%
27.4%

Magnetic Tapes
24K Memory
28K Memory

Magnetic Tapes
28K Memory
32K Memory

TABLE 4

the average corporate or public
enterprise. What this means in
many cases is that a more ex

haustive investigation into the op
erating efficiency of proposed data
processing systems is possible be
fore the making of management de
cisions and commitments.

ment of its data processing goals,
plans, and management.
In the recent evaluation and se
lection of a large scale multi-pro
graming computer for the New
York State Department of Educa
tion, it was decided to incorporate
the use of SCERT. As a first step
in the evaluation two trained ana
lysts spent a total of six man
Case history
months in the definition of work
Responsibility for the evaluation
loads. The product of their en
of all New York State Government
deavors made it possible to develop
data processing systems is assigned
a SCERT model which represented
to New York’s Division of the
about 60 per cent of the projected
Budget. Here a special manage
workload. A calibration run of the
ment unit works with each operat
model was then made against the
ing agency in the continual assess
actual systems workload utilizing
https://egrove.olemiss.edu/mgmtservices/vol5/iss5/5
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two existing G.E. computers. Cali
bration of the model actually re
quired several attempts.
The next step in the use of
SCERT was the preparation of
specifications. At this time, all pros
pective bidders were told that
SCERT would be used in the eval
uation of the system. The specifica
tions were also made to include
output from various SCERT runs
and a copy of the SCERT simula
tion input deck. This input deck
was used by some bidders in the
preparation of their proposals.
Once the manufacturers submitted
their proposals, simulation runs
were made which compared each
Management Services
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Several operational indicators can aid in assessing a multi-programing operation

proposed configuration with the
projected workload.
It is important to note at this
time that the Division of the
Budget did not seek simply to save
work effort in its use of SCERT;
rather, it sought to increase both
its data processing insight and the
quality of its final decision. For
this reason, several SCERT runs,
not a single hit-or-miss test, were
made.
Our conclusion was that SCERT
had provided the New York data
processing management team with
greater
Objectivity in its data processing
evaluation
Insight into data processing al
ternatives
Precision measurement of many
data processing variables
Cash savings in the validation of
equipment proposals.
In this particular case study, as
in all its equipment selection
studies, the State of New York also
required a performance test on the
actual piece of equipment pro
posed. This is in keeping with New
York’s philosophy: “The name of
the game is show me.”
Naturally, to some the simulation
setup time will appear arduous and
time consuming. To these persons,
let us point out that a considerable
amount (if not all) of the effort
that goes into the original system
simulation setup can be reclaimed
later on when an evaluation is
made of proposed systems modi
fications or when alternative appli
cations software systems have to be
compared.
However, at least one word of
caution should be voiced regarding
the use of all simulation devices,
including SCERT. That is, despite
their impressive record, no one-toone correlation should be auto
Published by eGrove, 1968
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matically assumed between pre-in
stallation simulated forecasts and
actual past installation run times.
After all, forecasts are inherently
limited by the series of events and
conditions existing or assumed at
the time of the evaluation. Since
these conditions and assumptions
are not freed from the laws of
change, we cannot expect the qual
ity of test results to exceed that of
the facts upon which the evalua
ion is made.

How well are you doing?
If it is true that multi-program
ing computer systems share de
vices, then how do we evaluate the
extent to which they share devices
during day-to-day operations?
In other words, how good is
good?
Often managers find themselves
so immersed in the technical evalu
ation of their operations that they
tend to assume that processing is
processing is processing and that
the only alternative is not proc
essing. Now, in a multi-programing
mode of operation, they suddenly
find that there are qualitative
tinges to the processing of data and
that subtle variations in workload
and/or configuration will result in
noticeable variations in processing
efficiency. The search should be for
information that will increase man
agement awareness and heighten
management control over what is
happening.
In this respect, experience has
taught us that there are several
operational indicators that can be
of major use to a manager in as
sessing his multi-programing oper
ation. One of the most revealing
indicators of this type is the amount
of processor time that remains un
used despite multi-programing op
erations. The authors’ experience has

indicated that the three-shift, sev
en-day-week, continuous-flow-type
operation of a diversified workload
should allow from 60 per cent to
70 per cent of overall processor
utilization. Naturally, this figure will
vary somewhat with the particular
type of processing that is being
done and with the specific equip
ment configuration that is being
used.
Another simple yet effective op
erational indicator is to calculate
the average number of jobs proc
essed per hour during some period
of time. Table 4 on page 42 shows
how this indicator was used to per
form an after-the-fact test on the
effectiveness of a configuration
change in a multi-programing com
puter.
But even beyond the use of these
somewhat simplified operational in
dicators, it is important, as it has
always been, that management be
properly informed. Computer cen
ter management is no exception,
and a sufficient amount of quality
information will enable you to de
cide, with effectiveness, the course
of action you are to follow. To
accomplish this, a regular report
ing system and intensive manage
ment review of the ingredients con
tained in that reporting system
have considerable merit.

We have not attempted to under
take the impossible task of provid
ing to the reader a single, all-in
clusive recipe for effective man
agement of a multi-programing sys
tem. There is no panacea. Rather,
we have tried to provide you with
a glimpse of some of the methods
that can be employed to improve
the quality of the information on
which you will base your manage
ment decisions.
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